The industrial augmentation and unguided anthropogenic activities contaminate water sources in most parts of the world especially in developing countries like Pakistan. High concentration of pollutants in groundwater affects human, soil, and crop health badly. The present study was conducted to investigate groundwater quality for drinking and irrigation purposes in an industrial zone of Pakistan. A GIS tool was used to investigate the spatial distribution of different physico-chemical parameters. In this study, the average results exceeding World Health Organization (WHO) and National Environmental Quality Standards (NEQS) were found for pH 7.84, total dissolved solids (TDS) 1492 mg/L, phosphate 0.51 mg/L, dissolved oxygen (DO) 9.92% saturation, F-coli 6.48 colonies/100 mL, Na + 366 mg/L, HCO 3 − 771 mg/L, sulfate 251 mg/L, chlorides 427 mg/L, total hardness (as CaCO 3 ) 292 mg/L, electrical conductivity (EC) 2408 µS/cm, iron (Fe) 0.48 mg/L, chrome (Cr) 0.50 mg/L, arsenic (As) 0.04 mg/L, total phosphorus (TP) 0.17 mg/L, sodium adsorption ratio (SAR) 9.76 (in meq/L), residual sodium carbonate (RSC) 9.28 meq/L, % ion balance 14.4 (in meq/L), percentage sodium ion (% Na + ) concentration 58.9 meq/L, and water quality index (WQI) 69.0. The trend of cations and anions were (in meq/L) Na > Mg > Ca > K and HCO 3 > Cl > CO 3 > SO 4 respectively. Although the results of the present study showed poor conditions of the groundwater for drinking as WQI but and irrigation purposes as SAR, it needs to improve some more conditions for the provision of safe drinking water and irrigation water quality.
Introduction
Water is an essential substance which plays a significant role in the daily life of living organisms. It also influences climatic changes and land shaping [1] . Groundwater is one of the primary water sources which is a key driver of the domestic, industrial, and agricultural sectors. Over the past few decades, water demand has been increasing continuously due to increasing water and energy balance by all these sectors and continuous increases in population, leading to water shortage and quality degradation. Thirteen percent of the world population do not have access to safe drinking water [2] . By the year 2030, half of the world's population would suffer from a major water deficit [3] . On the area is marked by valleys, local depressions, and relatively high grounds. The semi-arid climate was found to have high seasonal temperature variations. Summer season spans from April to September, with a temperature ranging from (12.0 • C to 50.0 • C) with an average temperature of 31.2 • C. The winter season spans from October to March, with a temperature ranging from −2.00 • C to 17.7 • C, with an average temperature of 4.48 • C. Rainfall occurs in monsoon season (July and August). The average annual rainfall is 335 mm recorded based on 32 years' observation. The study area contains alluvial plain deposited on semi-consolidated tertiary rocks, or on a basement of metamorphic and igneous rocks of the Precambrian age and the unconsolidated sediments have a depth of 274 m [14] . It contains confined aquifer with the water table depth of 22.0 m, whereas the specific yield of such aquifers are between 0.50 and 5.00, having shale-type formation [14] . Motor pumps and hand pumps are drilled at a depth of 28.0-30.0 m for the groundwater discharge, whereas the tubewell (dug well) used for crops irrigation is at a depth of 35.0-38.0 m. These wells are productive wells and their recharge mostly takes place from ponds, seepage of water courses, unlined canals, irrigation practices and sewerage system, water supply system. Direct rainfall recharge is small in amount. The area was found to have a clay loam-type soil infiltration rate of 4.17 mm/4 h, whereas the bulk density of soil is 1.52 g/cm 3 and porosity (n) is 1.23. Major crops of this area are cotton, wheat, rice, sugarcane, and maize [15] .
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Sampling
Twenty-five different groundwater samples were collected from different locations of the study area. Fifteen samples of groundwater, including hand pump and motor pump source, were collected randomly from residential area, industrial sector, and food points, whereas, the remaining ten samples of tubewell source were collected from the crop fields. For the collection of groundwater samples, the American Public Health Association (APHA) [16] standard protocol was adopted: run the tap for five minutes and then collect the groundwater sample from tubewell, motor pumps, and hand pumps. During the collection of samples, water temperature was recorded by a standard thermometer after running the tap, which was found to be in the range of 21.0-25.0 °C on sampling time. The samples were stored in airtight bottles and stored at 4.00 °C temperature [17] . 
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Experimental Methodology
Samples were investigated for quality inspection of physico-chemical parameters. These parameters have significant influence in the groundwater quality. pH, TDS, dissolved oxygen (DO), and electrical conductivity (EC) calculated by water quality checker (model no. TOA-WQA-20A). Turbidity, phosphate, nitrate, sulfate, fluoride, and total phosphorus (TP) calculated by using UV/VIS spectrophotometer. Flame photometer used for analyzing sodium and potassium. Ca, Mg, HCO 3 , CO 3 , TH and chloride content were calculated by using the titration process (EDTA trimetric). Sodium adsorption ratio (SAR), residual sodium carbonate (RSC), % ion balance, % Na ion and water quality index (WQI) were calculated by using the equations listed below. Heavy metals (Fe, Cr, As, and Zn) were determined by using atomic absorption spectrometer. The protocol for all parameters followed the same as prescribed in the American Public Health Association (APHA) manual [16] . A general survey was conducted and a questionnaire about the groundwater and irrigation water quality was carried out among the people. Furthermore, information about health diseases was also gathered from the residential area and rural health center (RHC) Khurrianwala.
Water quality index is a parameter which collects the physical, chemical, and biological data and summarized the results into one score ranging from 0 to 100. In this study, the U.S. National Sanitation Foundation Water Quality Index (NSFWQI) was adopted [18, 19] . WQI is categorized into five different levels, i.e., excellent (100-91), good (90-71), fair (70-51), poor , and very poor (25-0). Water quality index (WQI) can be expressed in mathematical form by using (Equation (5)).
where:
WQI = water quality index; Q i = subindex for the ith water quality parameter; W i = weight associated with the ith water quality parameter; n = number of water quality parameter.
Sulfate ion concentration was calculated by using UV/VIS spectrometer, whereas the atomic adsorption spectrometer was used for heavy metals (Fe, Cr, As, and Zn). Values of SAR, RSC, and % error ion balance were calculated (meq/L) by using the formulas described below. The SAR and RSC are the irrigation water quality parameters and their standards are categorized into three different levels shown in Table 1 according to the food and agricultural organization (FAO) papers [20] . Percentage error in ion balance should not be more than 10% for irrigation water purposes [21] . The % error in ion balance, % sodium ion SAR and RSC were calculated by using the following equations, 
GIS and Spatial Analysis
Geographic information system (GIS) is a key tool which is used for analyzing the spatial variability of groundwater samples in the study area. For this purpose, Arc GIS 10 software (ESRI, Redlands, CA, USA) was used. A global positioning system (GPS) was used to locate the sampling point of the study area. These points are drawn on GIS by using world geodetic system (WGS-84). The topographical covering sheet of the study area was scanned and georeferenced by using Universal Travers Mercator (UTM) projection system. Inverse distance weight (IDW) was used to interpolate the sampling points [22] .
Statistical Analysis
Partial correlation analysis was performed using SPSS software (SPSS Inc., Chicago, IL, USA). The results of correlation expressed with a number between 0.00 and 1.00.
Results and Discussion

Drinking Water Quality Analysis
The pH varies from 7.10 to 8.40 (Table 2 ) with an average value of 7.84 ± 0.31. The distribution of water samples with regards to the obtained pH values are shown in (Figure 2 ). The normal range of pH for drinking water is 6.50 to 8.00, whereas the value less than 6.50 is corrosive and value 8.00 and above showed the carbonated water [23, 24] . Ninety-two percent of samples have a pH value above 7.50, whereas 36.0% of samples exceed the permissible limits of WHO and NEQS. A pH value less than 6.50 causes corrosiveness in the material when water flows through it, whereas value 8.00 and above is carbonated groundwater [23] . However, higher pH of drinking water has no direct effect on the human body, but it alters the various other water quality parameters which have an indirect impact on human health as well as on the environment [25] . Moreover, the correlation between pH and water quality was obtained 0.99.
Turbidity ranged from 0.50 to 4.10 with an average value of 2.19 NTU, which is under the permissible limits of WHO and NEQS standards [26] .
The amount of TDS in studied groundwater samples was significantly high. The values varied from 987 to 2114 mg/L ( Table 2 ). The distribution of measured TDS values in the study area is shown in Figure 3 . These values exceed the permissible limits of WHO and NEQS guidelines [23] . Only a few groundwater samples were found in an allowable NEQS range (1000 mg/L) [27] . Moreover, TDS level is also a parameter pointing to salinity level of the water, e.g., TDS < 200 is low salinity; TDS 200-500 average salinity; TDS 500-1500 high salinity and TDS > 1500 very high salinity [28] . The measured values of total dissolved solids indicate a reduced quality of groundwater and pose a significant health concern.
Nitrate (NO 3 ) and phosphate (PO 4 3− ) concentration were found in samples ranging from 21.0 to The dissolved oxygen (DO) value was ranging from 7.00 to 13.0 mg/L (Table 2) with an average value of 9.92 ± 1.62. Dissolved oxygen is a parameter to be used extensively to calculate the saturation of oxygen in the water. The higher the concentration up to 13.0-14.0 mg/L of (DO), the better the water quality of the samples.
Water quality index (WQI) was found ranging from 63.4 to 76.0 (Table 3) with an average value of 69.9. The distribution of WQI samples regarding obtained values is shown in Figure 4 . Water quality index showed medium conditions (50-70%) for 50% of the samples which are closer to the industrial locality. Remaining samples fall in good condition (70-90%) but in lower ranges of water quality index, which is 70-75%. Such results showed that polluted groundwater quality is becoming poorer with the passage of time due to the direct discharge of untreated effluents. Under such conditions, the groundwater can be used for drinking purposes after treatment processes in the industrial vicinity. Sand media filtration and chlorination process might be adopted at domestic scale, whereas reverse osmosis can be used at commercial scale plants. Moreover, the partial correlation of WQI with temperature, pH, DO, TDS, BOD, nitrates, F-coli, phosphate and turbidity were found to be 0.99, 0.99, 0.99, 0.96, 0.94, 0.93, 0.88, 0.86, and 0.85, respectively. Such correlation results showed the direct relationship between WQI and parameters [18] . These parameters contain a particular unit weight value which is used to calculate (WQI) and play a significant role in the groundwater quality [33] . Units 
NEQS: National Environmental Quality Standards; DO: Dissolved Oxygen. Table 7 described (Na %) guidelines for quality analysis. NSFWQI, National Sanitation Foundation Water Quality Index.
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Bacterial Activity
Groundwater samples are subjected to analyze the F-coli for detection of bacterial activity. The groundwater samples result for F-coli were ranging from 2.00 to 12.0 colonies/100 mL (Table 2) with an average value of 6.48 ± 2.00, which is dangerous to the health problems of human beings. The presence of F-coli in water samples is an indicator of bacterial activity and pathogens in the groundwater [34] . F-coli has direct effects on pH balance and oxygen level in water resources. It also produces the bad odor in water. According to the NEQS and WHO guidelines (0.00 colonies/100 mL), no sample was found in a permissible range. Such conditions lead to serious health issues, likewise gastrointestinal, flue, and hepatitis. It may also effect the eyesight of the human body. Chlorination and usage of boiled water can reduce the bacterial activity. Moreover, biofilters are being used for the removal of bacterial activity [35] .
Cations and Anions
Cations and anions were calculated in groundwater samples. The cations sodium (Na), calcium (Ca), magnesium (Mg), and potassium (K) were ranging from 121 to 681 mg/L, 69.0 to 154 mg/L, 42.0 to 98.0 mg/L, and 32.0 to 118 mg/L, respectively, whereas the anions bicarbonates (HCO 3 ), carbonates (CO 3 ), sulfate (SO 4 ), chlorides (Cl), and fluorides (F) were found in the range of 597 to 982 mg/L, 102 to 311 mg/L, 120 to 354 mg/L, 190 to 732 mg/L, and 0.30 to 1.60 mg/L, respectively. Sodium sulfate, monosodium, and disodium phosphate extensively used in different dyeing and bleaching processes in the textile industry, and ions in the form of effluents are washed out. The higher value of (Na) and (Ca) may be due to the saturation of sewage wastewater or surface water effluents to the groundwater resources in the form of dissolved salts [36] . Sodium (Na) and chloride (Cl) have a vital role in the human body. They affect the physiological and metabolism process. Higher concentration of both ions may cause high blood pressure [37] . Potassium (K) is an impotent mineral for living organisms. It is necessary for plants, humans and animals as well. The amount of (K) in the human body is 110 to 140 g [38] . Potassium deficiency in the human body may affect the heartbeat disorder and muscles weakness, whereas a high amount may affect homeostatic mechanism [32] . Excessive fluoride (F) contents leads to dental problems. The bicarbonate and carbonate produce the acidity in the human body; however, they have no permissible limit according to the WHO and NEQS guidelines, but the amount should not be more than 500 mg/L [32] .
The cations and anions were present in the water and correlation among them are shown in Table 4 . According to the correlation results, the cations and anions may be found in the form of Mg-Ca(HCO 3 ), MgSO 4 , NaCl, and CaSO 4 , which leads to hard and saline water. Correlation results showed the strong bonding between cations and anions. The strong interaction found between magnesium (Mg) and bicarbonate (HCO 3 ) is 98.9% whereas, the weak bonding was found between potassium (K) and chloride (Cl), 73.38%. Water hardness regarding total hardness (TH) was found in the range of 150 to 438 mg/L as CaCO 3 (Table 3 ) with an average value of 292 mg/L. The water sample distribution regarding the obtained values of (TH) is shown in Figure 5 . Distribution of the GIS mapping is according to the soft water (0-75), medium-hard water (75-150), hard water (150-300) and very hard water (>300). According to [23] , the total hardness exceeds the limits from the 200 mg/L; it produces scaling. The water hardness is commonly due to the presence of cations and anions. Most effective cations are calcium and magnesium, whereas anions are carbonate, bicarbonate, sulfate, and chlorides. Water hardness is evident of their role in heart disease [39] . The excessive use of hard water in industrial machinery produced hard scaling and corrosion, ultimately resulting in the system being choked. Furthermore, in domestic usage, it affects the quality of washing products, i.e., soap and detergent have bad washing quality [24, 40] . 
Irrigation Water Quality Analysis
A triliner piper plot commonly termed as tannery plot was drawn to investigate the hydro-chemical properties of cations and anions shown in Figure 6 , which shows the strong relationship between the cations and anions [41] . The results showed that the most dominant cation is (Na + K) and the anion is (HCO 3 ). According to the piper plot diagram, the mixed type of water is found in the study area. Whereas, on the basis of dominant cations and anion, trend of water type was NaHCO 3 > Ca-Mg(HCO 3 ) 2 [42] . Piper plot was distributed in different categories to understand the hydro-chemical facies [33, 43] , which are presented in Table 5 .
The Agricultural Department of US Salinity Laboratory conducts different analyses and approved specific techniques for the suitability of irrigation water [44] . Analysis of electrical conductivity (EC), sodium percentage (% Na), sodium adsorption ratio (SAR), residual sodium carbonate (RSC), and % error of ion balance was performed regarding irrigation water quality. The values of SAR, RSC, sodium percentage (% Na) and percentage of ion balance were calculated using Table 6 . Water 2018, 10, x FOR PEER REVIEW 13 of 22 The Agricultural Department of US Salinity Laboratory conducts different analyses and approved specific techniques for the suitability of irrigation water [44] . Analysis of electrical conductivity (EC), sodium percentage (% Na), sodium adsorption ratio (SAR), residual sodium carbonate (RSC), and % error of ion balance was performed regarding irrigation water quality. The values of SAR, RSC, sodium percentage (% Na) and percentage of ion balance were calculated using Table 6 . The results of EC and sodium percentage were found in the range of 1591 to 3409 µS/cm and 35.0 to 75.6% respectively, presented in (Table 3 ). The distribution of water sample regarding EC values is shown in Figure 7 . Wilcox [44] had classified the irrigation standard (Table 7) using electrical conductivity (EC) and sodium percentage as the high EC value; it shows the higher accumulation of salts in water samples [40, 45] . The higher values of electrical conductivity (EC) were found due to the contamination of textile sewage effluents; these results are identical to the findings of [36, 46] . Sodium percentage (Na %) determines the sodium ratio to total cations as mentioned in Equation (2). The results of Na % indicated that nine water samples for irrigation purposes are suitable and the remaining are doubtful. Sodium plays a dynamic role in the soil and reduces the aeration process [47] . Combination of (Na) with carbonate (CO 3 2− ) and chloride (Cl) forms alkaline soils and saline soils, respectively, and neither of these are suitable for plant growth [48] . Results are identical to the findings of Sadashivaiah [43] . Figure 7 . Mapping according to the distribution of electrical conductivity (EC) values based on drinking water quality standards and irrigation water quality standards. Table 7 . Analysis of (EC) and (Na %) on the basis of water class [44] . The % error in ion balance was calculated using Equation (3), the values are ranging from 3.70 to 24.8% (Table 3) with an average value of 14.4 ± 3.70%. The % error in ion balance should be less than 10% for safe irrigation water, the higher values (>10%) pose that the higher contribution of ions and it causes salinity in soil; only three samples were found within the permissible range [21] .
EC
Eaton has recommended the irrigation standards by SAR and RSC [49] . SAR and RSC were measured using Equations (4) and (5), values of SAR and RSC ranging from 3.67 to 16.6 and 6.15 to 15.5 meq/L, respectively, as shown in (Table 3 ). The SAR and RSC distribution of water sample values are shown in Figures 8 and 9 respectively; results represent that industrial activities have a significant impact on each point corresponding to the distance. According to FAO guidelines (Table 1) , ten samples of SAR and three samples of RSC were within allowable limits. The salinity and toxicity were measured for groundwater suitability for irrigation purposes [24, 50] ; in this concern, SAR was regarded as a major irrigation water quality parameter [51] . SAR measures the relative proportion between sodium ion to calcium and magnesium ion and have a direct relationship with sodium adsorption by soil. In the soil system, calcium and magnesium do not pose equally but form an equilibrium with each other. When water is more saline, magnesium starts damaging the soil structure and high sodium absorption, causing the formation of alkaline soil, which reduces the soil permeability [33, 52] . The correlation values between the irrigation water quality parameters are shown in Table 8 . The high correlation found between (Na + ) and (EC) 0.99 indicates significant concentration of salts in groundwater resources. The high correlation value between the sodium ion (Na + ) and sodium adsorption ratio (SAR) 0.98 is evident of their direct relationship [53] . Results concluded that the salinity was found in groundwater across the industrial vicinity and not suitable for irrigation without prior treatment. 
Heavy Metal Analysis
The analysis was performed for heavy metals and values were ranging for iron (Fe) 0.56 to 5.02 mg/L, chromium (Cr) 0.12 to 0.94 mg/L, arsenic (As) 0.00 to 0.10 ppb, and zinc (Zn) 0.01 to 0.10 mg/L (Table 3) with average values of 2.18 ± 1.17 mg/L, 0.50 ± 0.24 mg/L, 0.04 ± 0.03 ppb, and 0.05 ± 0.03 mg/L, respectively [22, 54] . The water sample distribution in regard of obtained values of Fe, Cr, As, and Zn are shown in Figure 10 . According to the NEQS and WHO guidelines [23, 27] , the results were high for iron and chromium. The arsenic was within permissible limits according to the NEQS guideline (0.05 ppb) for most of the samples but exceeds the WHO standards (0.01 ppb) [23, 27] . The values of zinc were found in the acceptable range. Textile industries are using various heavy metals with different proportions in dying and printing media, which are released in the form of effluents after digestion in extensive amounts [55] . Fe is extensively used as a dye-modifying agent in textile units, and lead chromate Pb(CrO 4 ) is used as a yellow pigment in the fibers' dying process [56] . The high concentration of Fe, Cr, and As causes serious health issues and environmental risks [57] . Zinc has few adverse effects and was found within allowable limits according to NEQS (5.00 mg/L) and WHO (3.00 mg/L) guidelines.
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General Survey
A general survey was conducted and the questionnaire was carried out randomly among people of the study area about the groundwater quality and irrigation water. The people are not generally satisfied with the drinking water quality of the area. They found sourness in the taste of groundwater. When the information was gathered from the rural community of the area for irrigation of groundwater, it was found that soil is not absorbing groundwater and they found hardness in the soil. The crop yield is also not very high. Health issues are very common the study area. according to the rural health center (RHC) information, blood pressure and seasonal flu were commonly found among the people. Furthermore, gastrointestinal, heart diseases, common water diseases like diarrhea, hepatitis, malaria were also found among the community. Such conditions described the serious health and environmental issues in the study area. 
A general survey was conducted and the questionnaire was carried out randomly among people of the study area about the groundwater quality and irrigation water. The people are not generally satisfied with the drinking water quality of the area. They found sourness in the taste of groundwater. When the information was gathered from the rural community of the area for irrigation of groundwater, it was found that soil is not absorbing groundwater and they found hardness in the soil. The crop yield is also not very high. Health issues are very common the study area. according to the rural health center (RHC) information, blood pressure and seasonal flu were commonly found among the people. Furthermore, gastrointestinal, heart diseases, common water diseases like diarrhea, hepatitis, malaria were also found among the community. Such conditions described the serious health and environmental issues in the study area.
Conclusions
Water quality index showed that currently groundwater can be used for drinking purposes after treatment process, but the situation has become worse with the passage of time. High sodium ion and bicarbonate ion concentration are affecting the groundwater quality and causing environmental risks. Bacterial activity was found in samples which is the cause of severe diseases like Cholera, Typhoid, Hepatitis A & E, and Diarrhea. However, groundwater can be used for irrigation purposes as the SAR values indicate that the water quality is moderately fit for irrigation but over time, was prolonging water quality as it becomes depraved due to the emission of untreated effluents. The mixed type of water was found in the study area, whereas the trend of groundwater was NaHCO 3 > Ca-Mg(HCO 3 ) 2 . Heavy metals concentration also found in water samples as trace elements. Iron (Fe), chromium (Cr), and arsenic (As) lead the issues of health in the human body and soil as well. The GIS interpolation using inverse distance weight (IDW) was measured such that each point has a local influence that diminishes with the distance. Thus, in the results, the points near the industrial area give high weight, and the points far away provide low weight, which showed a substandard situation adjoining the textile units. Results are also evident that the textile units are discharging their effluents in substantial quantity directly into the Madhuana drain and depleting the groundwater resources throughout the area. Such alarming situations have direct and indirect influence on the environment and engender health issues.
Recommendations
Groundwater can be used for drinking purposes after the treatment process. Use of boiled water kills the bacterial activity and reduced pathogens. Installation of small-scale filtration plants and chlorination process can be done in houses. Reverse osmosis (R/O) plants can be used at a commercial level in the industrial vicinity for the measure of safe drinking water. For irrigation purposes, groundwater might be used with the mixing of canal water to reduce the hardness of groundwater. Gypsum may be used as a softener for irrigation. It is recommended that the environmental protection agencies should make policies for better drinking water quality and take serious action against the industries which are discharging their wastewater effluents without proper treatment. Furthermore, studies are required to be conducted for the characterizing of effluents emitted by the industries and for their reclamation. 
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